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CHAPTER - 1 
GENERAL INTRODUCTION 
Ion exchange is a process in which reversible 
stoichiometric interchange of ions of the same sign takes 
place betv/een an electrolyte solution or molten salt and a 
solid phase. 
Many million years ago, ion exchange phenomenon 
had occurred in various sections of the globe. For 
example, some ions like potassium and lithium ions of 
petalite of pegmatite veins had been replaced with 
rubidium and cesium ions of stepwisely coming fluid from 
the magma. This is nothing but ion exchange phenomenon 
between minerals like petalite vsolid phase; and fused 
salt fluid ^liquid phase; ^ly. It is well known that ion 
exchange has been playing very important roles during the 
courses of weathering. Aqueous rocks, clay rocks and soils 
are very effective ion-exchangers. Since life had been 
created in the sea, ion exchange through bio-membranes 
between living organs and outside matters has been giving 
the essential motive forces to life and its evolution. In 
Egypt and Greece as well as in China, ancient people were 
clever enough to use some soils, sands, natural zeolite 
and plants as the tools for improving the quality of 
drinking waters, desalting or softening. They did not know 
anything about ion exchange. Nevertheless, they had 
experiences enough to use them as water softener or 
desalter. 
The ion exchange materials may be organic or 
inorganic in nature. Organic ion exchangers, commonly 
knovm as ion-exchange resins, are known for their 
uniformity/ chemical stability and high mechanical 
strength, where as inorganic ion-exchangers are important 
for their good stability towards temperature, oxidizing 
solutions and ionizing radiations. Inorganic ion 
exchangers are thus having good applications in the 
treatment of industrial and radio-active wastes and 
processing of radio-isotopes in nuclear technology. They 
also have applications in determination and detection of 
metal ions in pharmaceutical and biological products, 
analysis of alloys and rocks and as ion-selective 
electrodes and packing materials in ion chromatography. 
Thus, they are also important in environmental 
analysis (2). 
Synthetic inorganic ion exchangers have been 
studied quite extensively. Kraus (3,4), Amphlett (5,6), 
Clearfield (7,8), Alberti (9), Inoue (10) and Abe (11) are 
the pioneers in this field. In India, Qureshi (12-15) and 
coworkers started this work in early sixties. Later on 
De et al. (16-20), Tandon et al.(21-25), Rawat et al.(26). 
Varshney et al. (27-31) and others took up the researches 
in this highly promising area and found some encouraging 
and useful results, particularly in the environmental 
analysis. Important advances in the field of synthetic 
inorganic ion exchangers have been reviewed by a number of 
workers at the various stages like Fuller (32), Vesely and 
Pekarek (33), Clearfield (34,35,),Qureshi and Varshney (36), 
Varshney and Ali Mohammad (37) and others. 
Lately much interest has been developed in the 
synthesis and characterization of pillared inorganic 
materials and organic-inorganic hybrid structures arising 
from alteration of layered exchangers. The main advantage 
of a pillared structure is that it allows ready access of 
large ions and complexes to the interior due to the 
increase in the interlayer distances and pore sizes. This 
is very much useful in radio active waste cleanup. A large 
number of radio-active species can be exchanged into the 
pillared materials and then permanently sealed by heating 
to high temperatures. Also the size of the pores can be 
controlled by altering the charge on the pillaring 
cations. Exchange of cations into pillared materials can 
change their catalytic properties. 
The intercalation of layered metal oxides with 
polar organic molecules is well established. Barrer 
et al. (38) first showed that porosity can be introduced 
in smectite clays by ion-exchanging tetraalkylammonium 
ions between the silicate layers. The sorptive properties 
of these intercalated materials were reviewed by 
Barrer (39) in 1978. Organic molecules have also been 
reported to be weakly bound in the interlayers of 
crystalline silicic acids such as phyllodisilicic acid and 
H'-magadite (40,41). A series of Layered titanates and 
titaniobates based on octahedral framework structures also 
incorporate amines to form intercalated derivatives (42,43) 
The main shortcoming of these organic intercalated 
materials for application in high-temperature processes is 
their insufficient thermal stability. Thermostable 
molecular sieve-like structures have been developed by 
interaction of smectite clay minerals with inorganic cross 
linking agents such as aluminium hydroxide oligomers 
(44,45) (Fig. 1.1) and tetrameric hydroxy zirconium 
cations (46). These pillared clays have demonstrated 
remarkable activities in cracking and esterification 
processes (47) by exposing their surface areas for 
catalytic reactions and because of their zeolitic 
properties. Since smectite clays are capable of swelling 
and expand in aqueous solutions, pillared clays are 
usually synthesized by reacting an aqueous solution of 
inorganic oligomers with a unit-layer dispersion of 
smectite clays. But such method is not possible in the 
case of layered metal oxides such as layered titanates, 
phosphates, perovskites and certain silicates. These 
compounds possess high charge density on the framework and 
do not swell in water. The technique by which they are 
pillared is then to expand the interlayer distance by 
intercalation of an amine before treatment with the 
pillaring species (48). 
Intercalation is a process in which neutral polar 
molecules are inserted between the sheets of a layered 
insoluble compound. The necessary condition for the 
intercalation to occur is that the interactions of the 
guest molecules with the host matrix must be stronger than 
the mutual interactions of the molecules with themselves 
or wih the solvent molecules. For that reason the surface 
of the layers of the intercalating agent should possess 
active sites with which the guest molecules can interact 
(Fig. 1.2). The second condition is that the interlayer 
bonding must be weak so that layers will spread apart 
easily to accomodate the guest molecules and the stacking 
of the layers should be such as not to creat steric 
hinderance. The intercalation process requires an 
activation energy to occur. 
The insoluble acid salts of general formula 
M(IV)(HX04)2nH20 [where MCIV)=Ti, Zr, Ce, Sn and X=p or As] 
(AI,^VOHl24H^>,2|'* 
iCa** • 5Na*l7* 
7H*» 6 5 Al^j« 8.5 HjP 
Fig. 1.1 Schematic representation of the formation 
of a pillared clay. 
0 « v p a n e f ; P O H g r o u p 
(a) 
oxygen o f ^ P O H group 
103 A 
(bl 
Fig. 1.2 Possible arrangement of 1-pentanol (a) 
and ethylenecjlycol (b) at the active 
sites of layered Ot-zirconium phosphate. 
have a layered structure, each layer consisting of a plane 
of tetravalent atoms sandwiched between tetrahedral 
phosphate or arsenate groups. These layered phosphates and 
arsenates of tetravalent metals resemble to a good extent 
with natural clays. Leigh, Dyer (49), Yamanaka and Koizumi 
(50) have demonstrated a similarity between montmorillonite 
clays and group(IV) phosphates. In these compounds the 
bonds within the layers are strong and primarily covalent, 
where as those between the adjacent layers are weak 
vander waals. So,the layers can move in relationship to 
each other when the protons are replaced by other cations 
or when the number of water molecules changes. Due to this 
ability , acid salts of tetravalent metals possess the 
typical characteristics of an intercalating agent. 
S. Cheng and T.C. Wang (51) prepared a layered 
tetratitanate complex pillared with [Al,,0.(OH)24(H20),„J 
Keggin ions through a stepwise exchange process. The 
exchange of the large polyoxa-cations of aluminium was 
facilitated by the opened layers of alkylamine intercalated 
complexes. The stability of the interlayer alkylammonium 
ions played an important role in holding the interlayer 
spacing during the exchange process. Similarly M.J.Hudson, 
E. Rodrigues, Casetellon and P. Sylvester (52) intercalated 
some amines with OC-Tin(IV) Hydrogen phosphate monohydrate. 
2 + This material is selective for Cu especially at low 
copper concentration in mixed solutions. Yasushi Kanzabi 
and Mitsuo Abe (53) reported the intercalation and bilayer 
formation of phospholipids in "/-type layered transition 
metal(IV) phosphates. T. Nakato (54) and coworkers 
reported the intercalation of bipyridyl complexes into the 
interlayers of layered oxide K Nb^O-, where as Y. Murakami 
and H. Imai (55) have given a detailed account of the 
intercalation behaviour of Layered Bismith Molybdenum 
oxide Hydrate. 
Phosphates and phosphonates of tetravalent metals 
constitute a wide class of compounds which are of much 
interest because a variety of useful materials can be 
obtained from them by way of intercalation and pillaring. 
The layered compounds are having two types of structures, 
DC- and y-type (Fig. 1.3(a,b)). oC-type structure arises 
from the AB AB stacking of layers in which each layer 
contains an ideal plane of metal atoms sandwiched between 
the O^POH with 0-H pointing towards the interlayer region. 
In the case of 0C-Zr(HOPO2)2H2O the interlayer distance is 
7.6 A. The free area surrounding each P-OH group is 24 %. 
and the m.mol. of exchangeable protons per gram are 6.64. 
y-type compounds have the formula M(IV)(PO.)(H-PO.).2H2O 
and the layers are made up of two ideal planes containing 
10 
the metal atoms bridged by the PO. groups while the 
= P (0H)_ moieties point towards the interlayer region. 
The layers are thicker than the 6C-ones and the 0-H groups 
bonded to the same P atoms have different acidities. The 
interlayer distance is 11.6 A and the free area 
surrounding the P^OH)^ groups is estimated to be 33 A and 
i.e.c.is 6.27 m.raol/g. Recently G. Alberti et al (56) have 
reported the synthesis and characterization of a new type 
of zirconium phosphate by the name of OC-zirconium 
hydrogen phosphate Hemihydrate ( Q^ -Zr (HPO.).0.5 H_0) 
(Fig. 1.4 (a,b)). 
A large number of new materials have been prepared 
on zirconium phosphate by pillaring methods. Umberto 
Costantino (57) have given a detailed description of 
intercalation of Alkanols, Glycols and Amines into 
dC-Zr (HPO.) .H_0. An account of exchange of intercalated 
Alkanol molecules with other polar molecules has also been 
given. Clearfield and Tindwa (58) reported the exchange of 
large cations such as copper(II) tetramine, pyridine and 
ethylenediamine complexes of Cu(II) with butylamine 
59 intercalates of zirconium phosphate. Clearfield has also 
prepared mono-phenyl, diphenyl and triphenyl bridging 
pillared zirconium phosphates by using phenyl diphosphonic 
acids to bridge across layers (Fig. 1.5). Ferragina et al 
(60) have reported the interaction of l,10-phenanthrolin4. 
11 
« = Zr 
O = p 
• = o» 
(a) 
lb) 
Fig. 1.3 Representation of two layers of 
C>^ -Zr(HOP03)2-H20 (a) y-ZrlPO^) IH2P0^) .2H2O (b) 
as viewed down the b-axis. 
12 
(a) 
Cb) 
Fig. 1.4 Schematic drawing of the room-
temperature form of 6C-Zr(IlPO^)2.0.5H2Ola) 
and the high-temperature form of 
QC-Zr IHPO^) 2 • ° • ^ ^2° 
13 
• Ir 
• C 
O P 
• O 
la) 
lb) 
Fig. 1.5 Schematic representation of monophenyl 
la) and biphenyl lb) pillared zirconium 
phosphates. 
14 
and 2,2-bipyridine into y-zirconium phosphates. Similarly 
Isao. Tomita (61) and co-workers have reported the 
interaction of some OC-diimines such as 2,9-dimethyl-l, 10-
phenanthroline,4,7-dimethyl-l,10-phenanthroline, bipyridine 
and terpyridine into "y-zirconium phosphate. It is clear 
that large charged species or complexes can be exchanged 
into zirconium phosphate if the layers are first spread 
apart by amine-intercalation. This procedure was also 
successfully applied to the E^illaring of titanium (62;, 
antimony and tin phosphates (63). All of these products are 
highly porous and have high ion-exchange capacities as do 
the pillared titanates. After cross linking of the layers 
by thermal treatment, these compounds are highly resistant 
to acid solutions. Their use as sorbents. ion-exchangers 
and catalysts is being actively pursued. 
In addition to this, interest has also been 
developed in the synthesis and investigation of hybrid type 
materials in which a combination of advantages of organic 
and inorganic synthetic materials is being sought so that 
the new hybrid material is more stable to high temperatures 
and radiation fields besides having uniformity, chemical 
stability and other properties of organic ion-exchangers. 
Many hybrid materials have been developed by incorporation 
or by mixing of organic monomers in the inorganic matrix by 
15 
means of pillaring process or by other non-pillaring 
methods. 
There are some non-pillaring methods by which non-
bridged organic-inorganic hybrid ion-exchangers have been 
developed. In one method, the tetrahedral phosphate groups 
are exchanged with phosphonate groups/ which have the 
selected functionality, by allowing the zirconium phosphate 
to equilibrate with a solution of the phosphonic acid. In 
the second method zirconium fluorocomplexes are slowly 
decomposed in a solution containing the chosen phosphonic 
or organophosphonic acid. A third method is to treat the 
layered phosphate with a derivatiz ng agent like etilene-
oxide, Trionylchloride etc. It has been possible to change 
the strength of the acidic functions by inserting groups 
which are stronger or weaker than the =P-OH such as -So-H 
or -COOH to obtain anionic exchangers. Layered compounds 
having different organic functions encliored to the 
inorganic matrix can also be prepared by using a suitable 
mixture of two or more phosphonic or organophosphonic acids 
in the preparation. The compounds obtained by 
castantino (64) in this way have the formulla Zr(RPO^) 
(R'P02) and by the proper choice of the R and R' groups it 
is possible to lower the layer charge density by diluting 
ionogenic groups with apolar ones, to incorporate in the 
16 
interlayer region lyophilic groups together with lyophobic 
ones, or ionogenic groups of different strength, active for 
ion-exchange and intercalation. 
Albert! and Costantino (65) prepared hybrid 
exchangers like zirconium — bis(benzene-phosphonate) 
[Zr{C^H_PO-)-] Fig. 1.6, zirconium bis(hydroxymethane-
phosphonate) monohydrate [ZrCHOCHjPO^)2-H-O] and zirconium 
bis(inonoethylphosphate) [ ZrCC^Hc-OPO^)-] by replacing the 
phosphoric acid used in preparatiton of ZrP wih the benzene 
phosphonic acid [C^H,— P —^QU 1 hydroxymethane phosphonic 
id [HO-CH^-PXQI^ and triethylphosphate [0<—P^O-CxHr aci ' \" 
partially hydrolyzed in acid medium. Clearfield (66) et al 
has prepared a new family of hybrid ion-exchangers having a 
general composition of Zr(0 P CgH.SO-H) (HPO.)^ .. The 
sulfonic acid groups provide strong acid cation exchange 
sites while the phosphate protons exhibit moderate to weak 
acidity. Separation factors for the two layered exchangers 
were much higher than the conventional polystyrene sulfonic 
acid exchanger. 
In the present work two new cation exchangers, 
zirconium aluminophosphate and styrene-based zirconium 
phosphate have been synthesized and characterized. 
Zirconium-aluminophosphate, a new zeo-type material is 
17 
14.7 A 
2r : O P : O 0 : » C 
Fig. 1.6 Idealized crystal structure o£ zirconiiua 
bis-(benzenephosphonate). 
18 
expected to be similar to the pillared structures described 
in the first part of the introduction. Styrene based 
zirconium phosphate is a new hybrid cation exchanger which 
is expected to be similar in structure as the materials 
described in the Idst portion of the above description. 
19 
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CHi^PTER - 2 
SYNTHESIS AND CHARACTERIZATION OF ZIRCONIUM 
ALUMINO PHOSPHATE; A NEW ZEOTYPE MATERIAL 
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INTRODUCTION 
A large number of inorganic ion exchangers have been 
prepared and studied so far (1). However there is still a 
need to obtain a material which may be cheaper, nontoxic, 
may have a better ion exchange capacity, reproducible 
properties, stability and selectivity for metal ions. These 
properties are important for a better utility of a material 
in environmental studies. 
Zeolites, which allow the replacement of cations held in 
their aluminosilicate anion frameworks by the ions present 
in external solutions or melts, have been extensively 
studied 12-5}. They are well defined and crystalline in 
nature. Although zeolite ion exchange has been thoroughly 
studied its practical uses are found limited to the 
catalysis and molecular sieving only. 
A major barrier to the use of zeolites as ion 
exchangers is in their apparent lack of compatibility with 
column operations. Another reason is, perhaps, their 
inherent instability at low pH values. Zeolites with Si:Al 
ratios ranging from 1-2 readily lose aluminium from their 
framework in acid environments with a consequent loss of 
capacity and ultimate framework collapse (6). 
In view of the above, some synthetic zeotype 
materials are of interest. They may be obtained by a direct 
26 
synthesis method. Last ten years have seen a rapid 
development in this direction and the researchers have 
provided a route to many other new structures. The 
literature shows that more than 50 new zeotypes (7) have 
been obtained and characterized with their prospective 
applications. 
The present work was undertaken to explore the 
possibility of synthesizing some new and novel zeotype 
materials based on zirconium phosphate matrix. As zirconium 
phosphate has been a well defined inorganic ion exchanger, a 
material based on this may be ideal to start with as it 
would provide an exact knowhow of the ion exchange behaviour 
of the new materials. The following pages sunimarize the 
synthesis, ion exchange behaviour and characterization of 
zirconium alumino-phosphate tZAlP) a new zeotype material, 
in which aluminium moiety may act as hydroxide oligomers in 
smectite clays as described in General Introduction 
(Chapter I). 
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EXPERIMENTAL 
Reagents and Chemicals; 
Zirconyl chloride used in this study was a C.D.H. 
product and all other reagents and chemicals were of 
AnalaR . grade. 
Instrxjmentation; 
Following instriainents were used for the various 
studies made for chemical analysis and characterization of 
materials: pH meter, ELico llndia) Model LI-10; Spectro-
photometer, Hitachi, Model U-2000; FTIR, model Nicolet 5DX; 
X-ray difractometer, Philips (Holland), model PW.170Q, 
DTA/TGA System, Perkin Elmer, USA, model DTA 1700/TGS2/ TADS 
3600 and Inductively Coupled Plasma Spectrophotometer, model 
ISA-JY-7 0 plus. 
Preparation of the Reagent Solutions; 
One molar solutions of zirconiioni oxy chloride 
(ZrOCl2.8H20) and orthophosphoric acid IH^PO.) uare prepared 
in demineralized water (DMW) as stock solutions. Further 
dilutions to the desired concentrations were made with DMW. 
Aluminium sulphate (Al^(SO.),* 16 H20)was prepared in DMW 
with the overall concentrations of HCl and H-PO, as 4M and 
3 4 
O.lM respectively. 
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Synthesis of the Material: 
A number of samples were prepared by mixing the 
solutions of zirconyl chloride, orthophosphoric acid and 
different aluminium salts in varying volume ratios with 
constant stirring (Table 2.1). Sample - 17 showed high 
ion-exchange capacity, chemical stability and 
reproducibility in properties. It was prepared as follows: 
A decimolar solution of aluminium sulphate in 4M 
HCl was mixed with an aqueous zirconyl chloride (O.lM) 
solution. To this mixture orthophosphoric acid 10.IM) was 
added with constant shaking so as to obtain a gel. The gel 
was digested in the mother liquor for 24 hrs at room 
temperature and filtered by suction. The excess acid was 
removed by washing with DMW till the pH of the washings 
was '^^6, before drying in an oven at 60°C. The dried gel 
was then cracked into small granules by putting in DMW, 
which were converted into the H -form by treating with IM 
HNO^ for 24 hours and finally washed with DMW and dried as 
usual for further studies. This sample was also prepared 
by changing the concentration of the reagents as shown in 
table 2.2. 
Sample 17(a) was then finally selected for further 
studies on the basis of its highest ion exchange capacity. 
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Ion-exchange Capacit.y: 
It was determined by the column process as 
follows: 
One gram of the exchanger (H form) of uniform 
mesh size (50-100) was placed in a glass tube having an 
internal diameter ool cm, fitted with the glass wool at 
its bottom. The column length was approximately 1.00 cm. 
250 ml of IM NaNO^ solution was passed through it 
maintaining a very slow flow rate ( 0.5 ml min ) and the 
effluent was titrated against a standard alkali solution. 
The Na -ion exchange capacities of the various samples in 
terms of the milli-equivalent per dry gram are shown in 
Table 2.1 and 2.2. 
Table 2.3 summarizes the values of i.e.c. for 
various metal ions. 
Effect, of Eluant Concentration on the Ion Exchange 
Capacity: 
250 ml portions of NaN03 solution of varying 
concentrations 10.2, 0.4, 0.6, 0.8, 1.0, 1.2 M) were 
passed through a column containing one gram of the 
exchanger in the H -form with a flow rate of 0.5 ml min 
The H -ions thus eluted out were titrated against a 
standard O.lM NaOH solution. Fig. 2.1 and Table 2.4 shows 
the amount of H -ions eluted out by using the eluant of 
different concentrations. 
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TABLE - 2.1 
SYNTHESIS OF ZAlP AT DIFFERENT VOLUME RATIOS IN ACIDIC MEDIA 
Scimple Aluminivun 
No. salt 
Mixing ratio 
(Zr:Al:PoJ") 
4 
by Volume 
Concentration Na'''-ion 
of ZrOCl2-8H20 exchange 
and H3PO4 Sols, capacity 
(meq/dry g) 
2. 
0.IM Aluminium 
sulphate (in H O ) 
1:1:1 
2:1.: 2 
O.IM each 0.42 
1.46 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12 
13, 
14 
15, 
16, 
17, 
1:2:2 
O.lM Aluminium 1:1:1 
hydroxide (in conc.HCl) 
1:2:1 
1:1:2 
2:1:1 
1:1:1 
2:1:1 
1:2:1 
Sodium aluminate 
O.lM Al2(50^)3 
in O.lM H^PO^ 
1:1:2 
O.lM Al^OO^)^ 
in 4M HCl 
Zr :AlL 
1 : 1 
1:2 
1 :3 
3 : 1 
2 : 1 
Z r : A l : 
i n 0. 
iPO"?" 
. IM H3PO4J 
II 
H 
II 
II 
It 
1.46 
1.50 
0.37 
1.20 
0.40 
0.12 
0.12 
Unstable in 
IM HNO3 
II 
0.87 
0.53 
0.95 
0.68 
0.7 2 
2.10 
1:2:2 
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TABLE - 2.2 
SYNTHESIS OF ZAIP-17 VARYING THE CONCENTRATIONS 
OF THE MIXING SOLUTIONS 
Scunple 
No. 
1 7 ( a ) 
17 (b ) 
1 7 ( c ) 
17 (d ) 
1 7 ( e ) 
Concentra t ion 
(M) 
(Zr : Al : P o | ~ ) 
0 . 1 
0 . 1 
0 . 5 
0 . 1 
0 . 1 
0 . 1 
0 . 1 
0 . 1 
0 .5 
0 .5 
0 . 1 
0.5 
0 .5 
1.0 
0 . 1 
Y i e l d 
% 
1 7 . 3 6 
1 5 . 9 1 
4 5 . 1 1 
5 .30 
4 . 8 2 
Na'*'-Ion Exchange 
Capaci ty 
meq. /dry g 
2 .10 
1.20 
0 .74 
1.30 
1.00 
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S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
TABLE - 2.3 
ION EXCHANGE CAPACITY OF ZAlP FOR DIFFERENT 
METAL IONS 
Metal Ion 
LiCl 
NaNo-
KCl 
MqiHo^)^ 
Ca(N02)2 
Sr (^o^)^ 
Ion Exchange Capacity 
(meq./dry g) 
1.71 
2.10 
2.35 
0.47 
1.47 
2.20 
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TABLE - 2.4 
EFFECT OF ELUANT CONCENTRATION ON THE ION 
EXCHANGE CAPACITY 
SI. No. Concentration of NaNo3 
(M) 
Ion Exchange 
Capacity 
(meq/dry g) 
1. 
2. 
3. 
4. 
5. 
6. 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.52 
1.75 
1.90 
1.99 
2.10 
2.10 
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2.4 -
2.2 
>• 
! 2.0 
VI 
c 
> 
a 
• 1.8 
I ' 6 
c 
o 
c 
o 
1.4 
1.2 
1.0 _L X 
0.0 0 2 0.4 0.6 0.8 
Molar (M ) solutions 
1.0 1 ^ 
Fig. 2.1 Concentration plot of zirconium alumino phosphate 
cation exchanger. 
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Elution Behaviour; 
The column containing one gram of the material in 
the H form was eluted with IM NaNO^ solution having a 
standard flow rate as above and several 10 ml fractions of 
the effluent were collected. They were titrated for the H 
ions released against a standard NaOH solution. The total 
volume was fixed as 250 ml. Fig. 2.2 is a histogram 
showing a total release of the H -ions in 17 0 ml of the 
effluent. 
Thermal Stability; 
Several 1 g portions of the sample tNo-17) were 
heated at various temperatures in a muffle furnace for one 
hour each and the i.e.c. was determined as above by the 
column process after cooling them to the room temperature. 
The results are shown in Table 2.5. 
pH - Titrations; 
pH-titrations were conducted both by the 
equilibrium (Topp and Pepper) and non-equilibrium methods 
as detailed below; 
(a) Equilibrium Process; 
In this process 500 mg portions of the exchanger 
m the H -form were placed in each of the several 250 ml 
conical flasks, followed by equimolar solutions of alkali 
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metal chlorides and their hydroxides in different volume 
ratios, the final volxime being 50 ml. to keep the ionic 
strength constant Cb). The pH of the solution was recorded 
after every 24 hours until equilibrium was attained (after 
4 days) and the pH at equilibrium was plotted against the 
milli-equivalents of the OH ions added. The results are 
shown in Fig. 2.3. 
(b) Non-equilibrium Process; 
500 mg of the exchanger were mixed with 100 ml of 
0.012M salt solution (NaCl, KCl and Licij.This mixture was 
kept for 1 hour and titrated against 0.012M solutions of 
the respective alkali/ recording the pH of the solution 
after each addition of 1.6 ml of the titrant till the pH 
became constant. The back titration was then carried out 
by adding the same fractions of 0.012M HNO^ to the 
solution. The results are summarized in Fig. 2.4. 
Chemical Stability; 
To determine the extent of dissolution of the 
material in different solvents, 250 mg portions of the 
sample were treated with these solvents for 24 hours at 
room temperature. The mixture was shaken intermittently to 
attain equilibrium and supernatant liquid was analysed 
quantitatively for the Zr(IV), Al(III) and P0^~ contents. 
The results are summarized in Table 2.6. 
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Zirconium was determined by Inductively Coupled 
Plasma Spectrometry at 343.82 nm«Aluminium and phosphate 
contents were determined spectrophotometrically (9,10) as 
given below: 
(a) Determination of Aluminium; 
5 ml of the supernatant liquid which is in 
equilibrium with zAlP was evaporated to dryness and the 
residue was taken in 2-5 ml of DDW. To this solution, 1 ml 
of HCl (Con) and 10 ml of 0.1 percent solution of 
alizarinTS was added and then diluted to 60 ml by DDW. 
Then 4 ml of 1:2 ammonium hydroxide was added with mixing 
and orange colour developed. The solution was allowed to 
stand for 10 minutes and 10 ml of 1:2 acetic acid was 
added. After thoroughly mixing this solution was diluted 
upto the mark and absorbance was compared with the 
standard solutions after 20 minutes at 580 nm. 
(b) Determination of Phosphate: 
5 ml of the supernatant liquid which is in 
equilibrium with ZAlP ^as evaporated to dryness and the 
residue was taken in 25 ml of DDW in a 50 ml pyrex 
graduated flash. To this 5 ml of the molybdate solution 
(12.5 g sodium molybdate in 500 ml. 5 M sulphuric acid) 
was added followed by 2 ml. of the hydrazinium sulphate 
3b 
0.6 
0.5 -
• 0 <. 
c 
^ C.3 
o 
c 
a 
"o 0.2 
_> 
3 
w 
0.1 
0.0 1=1 
20 40 60 %0 100 120 140 160 160 2(50 
Volume of ef f luent ( m l ) » 
Fig. 2.2 Histograms showing the elution behaviour of 
zirconium alumino phosphate cation exchanger. 
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10 0 -
pH 
2 0 -
1 0 
0 0 
- • - NQOH -NaCl 
- • - KOH-KCl 
- « - LiOH -L»a 
± A. ± ± d. _L 
0 0 0.5 1 0 15 2 0 2.5 30 35 4 0 4 5 
Milli-moles of OH ' Ions added »• 
Ficj. 2.3 Equilibrium pU titration curves of zirconium 
alumino phosphate cation exchanger. 
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11.0 -
PH 
-X « -
_ 0 0 — 
NQCI - N a O H - H N O j 
Lia - L i O H - H N O j 
KCl -KOH-HNO3 
J 1 I L J I L 
0 0 0 036 0 077 e n s C15A 0192 0230 0 269 0.307 0.346 0 384 0.422 0.460 0.499 C.537 0.54S 
Mllli-equlval»n1s of counter ions add*d — . 
Fig. 2.4 Non-equilibrium pH titration curves of zirconium 
alumino phosphate cation exchanger. 
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TABLE - 2.5 
EFFECT OF TEMPERATURE ON THE ION EXCHANGE CAPACITY 
SI. Temperature Time of Na -Ion % Retention Appearance 
(°C) Heating Exchange Capacity (Colour) 
(Hour) (meg/dry g) 
1. 
2. 
3. 
4. 
5. 
6. 
60 
100 
300 
50 0 
700 
900 
1 
1 
1 
1 
1 
1 
2.10 
1.03 
0.84 
0.19 
0.00 
0.00 
100.00 
49.05 
40.00 
9.05 
0.00 
0.00 
White 
Dark White 
Dark White 
Dark White 
Milky White 
Milky White 
TABLE - 2.6 
THE SOLUBILITY OF ZAlP IN VARIOUS ACIDIC AND 
BASIC MEDIA 
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SI. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Solvent 
(25ml) 
IM 
2M 
4M 
IM 
2M 
4M 
IM 
4M 
HCl 
HCl 
HCl 
HNO3 
HNO3 
HNO3 
H2SO4 
H2SO4 
O.IM KOH 
0.05M 
NaOH 
0-lM 
NaOH 
O.IM 
NH4OH 
0.5M 
NH,OH 
ZrllV) 
Cone. 
mg/25inl 
0.025 
0.043 
0.109 
0.018 
0.038 
0.091 
0.468 
2.273 
0.011 
0.003 
0.004 
0.009 
0.014 
% of 
Zr 
0.010 
0.017 
0.044 
0.007 
0.015 
0.036 
0.187 
0.909 
0.004 
0.001 
0.002 
0.004 
0.006 
Al(III) 
Cone. % of 
mg/25ml Al in 
0.060 
0.205 
0.435 
0.042 
0.148 
0.295 
1.210 
3.302 
0.400 
Nil 
0.235 
0.355 
0.660 
<0.03 
0.08+0.03 
0.174+0.03 
<0.03 
0.050 
0.118+0.03 
0.484+0.03 
1.321+0.03 
0.16+0.03 
-
0.004 
0.142 
0.264+0.03 
POj" 
Cone. 
ig/25ml 
1.4 90 
1.524 
1.600 
1.016 
1.134 
1.270 
2.168 
11.550 
2.086 
1.633 
3.747 
2.583 
6.361 
% of 
poj-
0.60+0.09 
0.61+0.09 
0.64+0.09 
0.41+0.09 
0.45+0.09 
0.51+0.09 
0.87+0.09 
4.62+0.09 
0.83+0.09 
0.6 5+0.09 
1.50+0.09 
1.03+0.09 
2.54+0.09 
14 2M KNO. 0.020 0.008 0.028 0.087+0.03 0.609 0.24+0.09 
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solution (1.5 g of hydrazinium sulphate in one litre). 
This solution was diluted to the mark with distilled water 
and mixed. The flask was immersed in a boiling water bath 
for 10 minutes, removed and cooled rapidly. The absorbance 
was measured at 830 nm against a reagent blank. The cone, 
of the solution was determined by the calibration curve 
already drawn using the standard phosphate solution. 
X-ray and IR Studies; 
The X-ray studies show the amorphous nature of the 
material. The IR spectra of both zirconium phosphate (gel) 
and the ZAIP in H -form taken by the KBr disc method at 
room temperature are shown in Fig. 2.5(a and b). Fig. 2.6 
shows the IR spectra of ZAlp at different temperatures. 
Thermal Analysis; 
Fig. 2.7 shows the TGA curve for the ZAlp which 
records the percent weight loss on heating at a rate of 
15.00 deg min"""- from 173.83°C to 594.03°C. 
Chemical Composition; 
All the constituents - of the material were 
determined by spectrophotometric method (9,10/11) as given 
below: 
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(a) Determination of Zirconium; 
10 0 mg of the powdered sample was dissolved in a 
minimum amount of HF (Cone). The solution was then 
evaporated in a teflon beaker on an electric heater upto 
dryness and then diluted to 100 ml with demineralized 
water (DMW) . One ml of this solution was transfered to a 
100 ml volumetric flask and diluted to 25 ml. 2.8 ml. of 
HCl (Cone.) and 5 ml. of alizarin red S. solution (0.5 g 
per liter) were added to it and diluted upto the mark. The 
absorbance was measured after 15 minutes at 510 nm against 
a reagent blank. The photometeric reading of the solution 
was converted to milligrams of zirconium per 100 ml. by 
means of the calibration curve. The percentage of 
zirconium was found by: 
Zirconium % = 
B xlO 
where A = Milligrams of zirconium found in 100 ml. of sol, 
B = Grams of sample represented in 10 0 ml of same 
sol. 
(b) Determination of Aluminium; 
100 mg of the powdered sample was dissolved in a 
minimum amount of HF (cone). The solution was then 
evaporated in a teflon beaker on an electric heater upto 
dryness and then diluted to 100 ml with distilled water. 
One ml. of this solution was transfered to a 100 ml. 
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Nessler tube and diluted to 25 ml by distilled water. The 
acidity of the solution was adjusted by 1 ml. of HCl 
(Cone). This was diluted to 60 ml by DDW and 10 ml. of 
0.1 per cent solution of alizarin S. was added to it. At 
this point the colour was yellow. Then 4 ml. of 1:2 
ammonium hydroxide was added with mixing and colour 
changed to orange. The solution was allowed to stand for 
10 minutes and 10 ml. of 1:2 acetic acid was added. After 
thoroughly mixing this solution was diluted upto the mark 
and absorbance was compared with the standard solutions 
after 20 minutes at 580 nm. 
(c) Determination of Phosphate: 
After the dissolution of 10 0 mg powdered sample in 
a minimum amount of HF (Cone.)/ the solution was 
evaporated in a tefflon beaker on an electric heater upto 
dryness and then diluted by a minimum amount of distilled 
water. the solution was transfered to a one litre 
volumetric flask and diluted to the mark* one ml. of this 
solution was transfered to a 50 ml pyrex graduated flask 
and diluted to 25 ml with distilled water. To this, 5 ml 
of the molybdate solution (12.5 g sodium molybdate in 
500 ml. 5M sulphuric acid) was added followed by 2 ml. of 
the hydrazinium sulphate solution (1.5 g of hydrazinium 
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sulphate in one litre). This solution was immersed in a 
boiling water bath for 10 minutes, removed and cooled 
rapidly. The absorbance was measured at 830 nm against a 
reagent blank. The cone, of the solution was determined by 
the calibration curve already drawn using the standard 
phosphate solutions. 
For comparison the composition of zirconium 
phosphate (gel) was also determined. The molar composition 
of the material was found to be [Zr: Al: PO. » 1 : 1 : 21 
and for zirconium phosphate gel [Zr: PO. = 1 : 2 ] 
Distribution Studies; 
200 mg of the exchanger beads in the H -form were 
equilibrated with 2 0 ml of the selected solvent by keeping 
at room temperature for 24 hrs. The initial metal ion 
concentration in the solution was adjusted so that it did 
not exceed 3% of the total i.e.c. of the material. The 
determinations were carried out volumetrically using 
EDTA (12) as the titrant. 
The Kd values, as summarized in Table 2.7 were 
obtained by the formula: 
I - F V 
Kd = — X - (mL/g) 
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where I = Initial amount of the metal ion in the 
solution phase. 
F = Final amount of the metal ion in solution 
phase. 
V = Volume of the solution (mL) 
M = Mass of the exchanger (g) 
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TABLE - 2.7 
Kd VALUES OF SOME METAL IONS ON ZAlP IN DMW, PEKCHLOKIC 
ACID AND NITRIC ACID MEDIA 
Metal 
Ion 
Mg(II) 
Ca(II) 
Ba(ll) 
Sr(II) 
Cd(II) 
Hg(II) 
Pb(II) 
Mn(II) 
Zn(II) 
Deionized 
water 
4.79 
30.10 
29.97 
43.41 
30.00 
16.66 
70.00 
70.30 
149.39 
Kd 
0;0lMHClO4 
4.79 
7.78 
16.66 
12.84 
6.00 
29.99 
70.00 
3.34 
22.03 
Values 
O.IMHCIO4 
4.79 
6.01 
5.99 
7.77 
3.33 
3.33 
3.33 
3.34 
16.67 
0. 0lNE[NO3 
4.79 
22.08 
16.66 
10.00 
10.00 
16.66 
70.00 
6.00 
22.03 
0.IMHNO 
4.79 
10.00 
1.42 
6.00 
3.33 
3.33 
6.00 
3.34 
22.03 
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RESULTS AND DISCUSSION 
The main feature of this study has been to prepare 
a zeotype material, zirconium aluminophosphate, having a 
high ion exchange capacity than the zirconium phosphate 
gel prepared under the same conditions. A comparison also 
shows that it is superior to most of the other amorphous 
inorganic ion exchangers prepared so far (13) in terms of 
their ion exchange capacity and chemical stability. As the 
results indicate (Table 1.7) only a negligible amount of 
the material is dissolved in various solvents studied out 
of the 250 mg taken for its chemical stability. On heating 
the material upto 300°C it loses its ion exchange capacity 
upto an extent of 60%. The material is also found to show 
reproducible properties. 
The experiments indicate a dependance of the 
elution behaviour of the material on the concentration of 
the eluant (Fig. 2.1). Which is a usual phenomenon. The 
minimum molar concentration of NaNO_ as eluant has been 
found to be IM for the maximum release of H ions from Ig 
column of exchanger. The exchange is quite fast and almost 
all the H ions are leached out of the column, within the 
first 180 ml. of the effluent (Fig. 2.2). 
The pH titration curves obtained under equilibrium 
conditions are shown in Fiy. 2.3 for LioH/LiCl, NaoH/NaCl 
and KoH/KCl systems. It is clear from this figure that the 
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exchange takes place in a single step. Forward and reverse 
potentiometric titration curves obtained under non-
equilibrium conditions are shown in Fig. 2.4. They are 
different in shape from the ones obtained under 
equilibrium conditions (Fig. 2.3). The reason may be that 
the full ion exchange capacity is not reached in a neutral 
medium. 
The material shows a higher selectivity for Na(I) 
as compared to Li(I) at all pH values. This observation 
together with a very low uptake of lithium ion by the 
material indicates that the ion exchange occurs by the 
diffusion of hydrated counter ions into the ion exchanger 
matrix (hydrated radii of Li(I) > Na(I)). 
Composition studies indicate the molar ratio of 
3_ 
Zr(IV), Al(III) and P04 in the material as 1:1 which 
points to the following formula: 
[Zro Al (P04)(HP04).nH20] 
Thermogravimetric analysis (Fig. 2.7) shows the 
first inflection at 173.83°C for the material 
corresponding to a 14.14% weight loss. It may be due to 
the removal of the external water molecules from the 
gel (14). The water of constitution is lost between 173.83°C 
to 480°C (15) and the corresponding weight loss is very 
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slow upto 480 °C. At 480°C an abrupt loss in weight is 
observed which may be due to the rapid expulsion of 
oxygen (16), produced due to the condensation of phosphate 
groups to 'P-pO^ groups. The inflection between 5 30°C -
59 4°C is due to the removal of the retained hydrochloric 
acid (17). At 594°C there begins a horizontal section 
which represents the complete formation of the 
pyrophosphate phase. 
Based upon the above observations the number of 
external water molecules "n" were calculated using 
Alberti's equation: 
18n = X ^''.l.^^''^ 100 
where X is the % weight loss and (M+18 n) is the 
molecular weight of the material. The value of "n" comes 
out to be 3. 
The IR studies (Fig. 2.5) confirm the presence of 
the external water molecules in addition to the 0-H groups 
and the metal oxide present internally in the material. 
The sharp peaks at 580 cm and 1022 cm represent the 
3- 2-presence of PO4 and HP04 groups (18), while the peaks at 
167 0 cm" and 3500 cm are due to the presence of water 
of crystallization (19). The band at 3500 cm" is also 
indicative of the strongly hydrogen bonded OH or extemely 
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coordinated HO. Metal-oxygen stretching vibrations are 
indicated also by the band at 1080 cm"-*- (20). 
The material appears to have an affinity order as 
K(I)>Na(I)>Li(I) and Sr(II)>Ca(II)>My(II) (Table 1.4) 
which is a characteristic of zeotype materials (21). The 
distribution studies (Table 1.8) indicate significant 
adsorption for most of the nine metal ions studied in 
different solvents. This behaviour can be useful for the 
separation of metal ions from the mixtures and for the 
environmental studies. The work is in progress in this 
direction. 
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CHAPTER - 3 
SYNTHESIS AND CHARACTERIZATION OF STYRENE 
SUPPORTED ZIRCONIUM PHOSPHATE CATION EXCHANGER 
59 
INTRODUCTION 
The organic ion-exchangers are well-known for their 
uniformity, chemical stability and the easy control over 
their ion exchange properties through synthetic methods. 
Inorganic ion-exchange materials besides other advantages, 
are important in being more stable to high temperatures and 
radiation fields than the organic one. Inorder to get a 
combination of these advantages and to increase the 
interlayer distance of layered inorganic ion exchangers so 
that large species or complexes could be exchanged, many 
hybrid type exchangers have been developed by incorporation 
of organic monomers in the inorganic matrix by way of 
pillaring or by other non-pillaring methods tl-5). 
Ion-exchange properties and the ease of introducing 
different functional groups in styrene are well recognized. 
This study is an attempt to synthesize and characterize a 
new hybrid cation exchanger in which styrene has been 
incorporated into zirconium phosphate gel i.e. styrene 
supported zirconium phosphate. 
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EXPERIMENTAL 
Reagents and Chemicals; 
Zirconyl chloride used in this study was a CDH 
product and styrene used was a G.S.C. product. All other 
reagents and chemicals were of AnalaR grade. 
Instrumentation; 
Following instruments were used for the various 
studies made for chemical analysis and characterization of 
the material: pH meter, Elico llndia)/ Model Ll-10; 
Spectrophotometer, Hitachi, Model U-2000; FTIR, Model 
Nicolet 5DX; X-ray diffractometer. Philips (Holland), Model 
PW-1700; DTA/TGA System,Perkin Elmer USA, Model DTA-1700/ 
TGS2/TADS 3600; Elemental analyzer, perkin Elmer, 240c and 
Inductively Coupled Plasma Spectrophotometer, Model 
ISA-JY-7 0 Plus. 
Preparation of the Reagent Solutions; 
One molar stock solutions of zirconium oxychloride 
(ZrOCl2.8H20) and orthophosphoric acid were prepared in 
demineralized water (DMW). Further dilutions to the desired 
concentrations were also made with DMW. 
10% Styrene solution was parepared in ethyl-
alcohol. 
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Synthesis of the Material; 
A number of samples were prepared by mixing the 
solutions of zirconyl chloride/ styrene and orthophosphoric 
acid in varying volume ratios with constant Stirring and 
the gels were subjected to sulfonation/ nitration or 
hydrochlorination ^Table 3.1). The gel was digested in the 
mother liquor for 2 4 hours at room temperature and 
filtered by suction. The excess acid was removed by washing 
with DMW till the pH of the washings was r^ 6 before drying 
in an oven at 60°C. The dried gel was then cracked into 
small granules by putting in DMW, which were converted into 
the H''"-form by treating with IM HNO^ for 24 hours and 
finally washed with DMW and dried as usual for further 
studies. On the basis of its Na -ion exchange capacity/ 
appearance/ reproducibility and apparent stability in acids 
and bases/ sample no. 9 was selected for further studies. 
This sample was also prepared by changing the method of 
sulfonation (Table 3.2) and sample 9(b) was then finally 
selected for further studies on the basis of its highest 
ion exchange capacity. 
lon^exchange Capacity; 
It was determined by the column process as follows; 
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One gram of the exchanger IH -form)of uniform mesh 
size (50-100) was placed in a glass tube having an internal 
diameter r-J 1 cm, fitted v/ith the glass wool at its bottom. 
The column length was approximately 1.0 0 cm. 250 ml of IM 
NaNO^ solution was passed through it maintaining a very 
slow flow rate { 0.5 ml min~ ) and the effluent was 
titrated against a standard alkali solution. The Na -ion 
exchange capacity of the various samples in terms of the 
milli-equivalent per dry gram are shown in Table 3.1 and 
Table 3.2. 
Ion-exchange Capacit.y for Different Metal Ions: 
Ion-exchange capacity of the material was also 
determined by passing different metal ion solutions through 
the exchanger column in the H -form by the method described 
above. The results are shown in Table 3.3. 
Effect of eluant Concentration on the Ion-exchange Capacity; 
250 ml portions of NaNO^ solutions of varying 
concentrations (0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4 M) were 
passed through a column containing one gram of the 
exchanger in the H form with a flow rate 0.5 ml min~ . The 
H -ions thus eluted out were titrated against a standard 
O.lM NaOH solution. A maximum elution was observed with 
concentration of 1.2M of NaNO^ solution (Table 3.4 and 
fig. 3.1). 
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TABLE - 3.1 
SYNTHESIS OF STYRENE SUPPORTED ZIRCONIUM PHOSPHATE (StZP) AT 
DIFFERENT VOLUME RATIOS IN ACIDIC AND NEUTRAL MEDIA 
Scunple Mixing 
No. solutions 
Acidification Drying Na -ion 
Temperature exchange" 
capacity 
Imeq/dry g) 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
10 . 
1 1 , 
Z r l l V ) : S t 
1 : 1 
1 : 2 
1 : 3 
2 
2 
3 
3 
4 
1 
3 
1 
2 
1 
Z r ( I V ) : S t : P O ^ 
3 : 1 : 6 
3-
ZrUV) :S t :PO 
3 : 1 :6 
3-
Z r ( I V ) : S t : P O ^ 
3 : 1 :6 
3-
N i l 
Gel dried 
at 60°C 
Sulfonation 
in mother liquor 60°C 
llOO°C.lh) 
Nitration 
in mother liquor 
1100<»C, Ih) 
60°C 
Hydrochlorination 60°C 
(HCl) 
in mother liquor 
(100°C, Ih) 
Zero 
2.IB 
1.14 
1.04 
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TABLE - 3.2 
SYNTHESIS OF StZP-(9) VARYING THE METHOD OF SULFONATION 
Sample Mixing Sulfonation Drying Capacity 
No. solutions Temp. (meq/dry 9 ) 
9la) Zr : St : P No Gel 0.95 
O.IM 10% O.IM dried at 60°C 
3 : 1 : 6 
9lb) Zr : St : P Sulfonation Gel 2.18 
O.IM 10% O.IM in mother dried at 
3 : 1 : 6 liquor 60°C 
at 100°C/lh 
9lc) Zr : St : P Gel Dried at 1.80 
O.IM 10% O.IM sulfonated 60°C 
3 : 1 : 6 
9{d) Zr : St To gel Dried at 2.09 
O.lM 10% added H2S0^ 60°C 
4 : 1 and heated at 
10 0+C for Ih 
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TABLE - 3.3 
ION EXCHANGE CAPACITY OF StZP FOR DIFFERENT METAL IONS 
SI. No. Metal ion Ion exchange capacity 
(meq/dry g } 
MgCNO^)^ 
1. NaNG^ 2.18 
2. LiCl 1.9 9 
3. KCl 2.61 
4. CalN02)2 3.36 
5. q( , 2.66 
6. Sr CN03)2 2.96 
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TABLE - 3.4 
EFFECT OF ELUANT CONCENTRATION ON THE ION EXCHANGE CAPACITY 
SI. Concentration of 
M O . 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
NaN03 (M) 
0 . 2 
0 . 4 
0 . 6 
0 . 8 
1 . 0 0 
1 . 2 
Na -ion exchange capacity 
(meq/day g) 
1.65 
1.75 
2.00 
2.09 
2.18 
2.18 
2 l> 
2.2 
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Fig. 3.1 Concentration plot of styrene supported zirconium 
phosphate cation exchanger. 
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Elution Behaviour: 
The column containing one gram of the material in 
the H -form was eluted with iMNaNOo solution having a 
standard flow rate as r^ 0.5ml/minute and several 10 ml 
fractions of the effluent were collected. They were 
titrated for the H -ions released against a standard NaOH 
solution. Fig. 3.2 shows a total release of the H'''-ions in 
17 0 ml of the effluent. 
Thermal Stability; 
Several Ig portions of the sample INo.lG) were 
heated at various temperatures in a muffle furnace for one 
hour each and the i.e.c. was determined as above by the 
column process after cooling them to room temperature. The 
results are shown in Table 3.5. 
pH-Titrations t 
pH-titrations were conducted both by the equilibrium 
(Topp and Pepper) and non-equilibrium methods as detailed 
below: 
(a) Equilibrium Process: 
In this process, 50 0 mg portions of the exchanger 
in the H -form were placed in each of several 250 ml 
conical flasks/ followed by equimolar solutions of alkali 
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metal chlorides and their hydroxides in different volume 
ratios, the final volume being 50 ml, to keep the ionic 
strength constant 16). The pH of the solution was recorded 
after every 24 hours until equilibrium was attained (after 
6 days) and the pH at equilibrium was plotted against the 
milli-equivalents of the OH-ions added. The results are 
shown in Fig. 3.3. 
(b) Non-equilibrium process; 
500 mg of the exchanger were mixed with 100 ml of 
0.012 M salt solution (NaCl, KCl and Licl) . This mixture 
was kept for one hour and titrated against 0.012 M 
solutions of the respective alkali/ recording the pH of the 
solution after each addition of 1.6 ml of the titrant till 
the pH became constant. The back titration was then carried 
out by adding the same fractions of 0.012M HNO^ to the 
solution. The results are summarized in Fig. 3.4. 
Chemical Stability; 
250 mg portions of the sample were kept with 25 ml 
each of the various solvents for 24 hours at room 
temperature with intermittent shaking. The supernatent 
liquid was then analyzed for the presence of phosphate 
content spectrophotometrically 17). The results in 
Table 3.6 show that a negligible amount of exchanger 
dissolves even on using upto 4 M acids. 
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o.e 
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0-6 H 
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c o 
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0 20 AO 60 SO 100 120 KO t60 l»0 200 
Volume of •ffluenl (ml ) ^ 
Fig. 3.2 Histograms showing the elution behaviour of 
styrene supported zirconium phosphate cation 
exchanger. 
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Fig. 3.3 Equilibrium pU titration curves of styrene 
supported zirconium phosphate cation 
exchanger. 
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Milll-equivalents of counter Ions added » 
Fig. 3.4 Non-equilibrixim pH titration curves of 
styrene supported zirconium phosphate cation 
exchanger. 
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TABLE - 3.5 
EFFECT OF TEMPERATURE ON THE ION EXCHANGE CAPACITY 
SI. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
Temperature 
fC) 
60 
100 
300 
500 
700 
900 
Time of 
heating 
(hour) 
1 
1 
1 
1 
1 
1 
N^-ion 
Exchange 
capacity 
meq/dry g 
2.18 
1.23 
0.38 
0.10 
0.00 
0.00 
% Retention 
(capacity) 
100.00 
56.42 
17.43 
4.40 
0.00 
0 .00 
Appearance 
(Colour) 
White 
White 
Brown 
Black 
Grey 
Grey 
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TABLE - 3.6 
THE SOLUBILITY OF StZP IN VARIOUS ACIDIC AND BASIC MEDIA 
SI. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Solvent 
(25 ml) 
IM 
2M 
4M 
IM 
2M 
4M 
IM 
4M 
0.; 
0.( 
0.; 
0.; 
0.: 
2M 
HCl 
HCl 
HCl 
HNO3 
HNO3 
HNO3 
H2SO4 
H2SO4 
LM KOH 
)5M NaOH 
LM NaOH 
LM NH.OH 4 
JM NH.OH 4 
KNO3 
Cone. 
mg/25 ml 
2.7 01 
2.820 
3.424 
1.646 
1.943 
2.240 
2.440 
6.255 
20.472 
7.240 
41.186 
5.829 
10.320 
1.197 
poj" 
% of P0|~ 
1.08+0.09 
1.13+0.09 
1.39+0.09 
0.66+0.09 
0.78+0.09 
0.90+0.09 
0.98+0.09 
2.50+0.09 
8.40+0.09 
2.90+0.09 
16.48+0.09 
2.33+0.09 
4.13+0.09 
0.48+0.09 
75 
IR Studies; 
The IR spectra of styrene based zirconium phosphate 
and simple zirconium phosphate gel in H -form at room 
temperature by KBr Disc method are shown in Fig. 3.5la/b),. 
fig. 3.6 shows the IR spectra of styrene based zirconium 
phosphate at elevated temperatures. 
X-ray Studies; 
The X-ray diffractogram (Fig. 3.7) shows the 
presence of three reflexions such as; 
2 Q 
18.905 
41.881 
59.809 
d 
5.8983 
2.7102 
2.1046 
CPS 
20 
40 
12 
Thermogravimetric Analysis; 
The TGA curve (Fig. 3.8) shows the percent weight 
loss that occured in the sample on heating from 193»49°C to 
623.12°C at a rate of 15.00 deg/min. 
Composition; 
After dissolving in hydrofluoric acid, the material 
was analyzed for zirconium and phosphate contents by 
spectrophotometrie methods (7/8). Carbon and hydrogen contents 
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of the exchange material were determined by elemental 
analysis. The molar composition of the material was found 
to be [Zr (IV): Styrene: PO^ = 4:l:8j 
Distribution Studies; 
200 mg of the exchanger beads in the H -form was 
equilibrated with 2 0mL of the selected solvents by keeping 
at room temperature for 24 hours. The initial metal ion 
concentration in the solution was adjusted so that it did 
not exceed 3% of the total i.e.c. of the material. The 
determinations were carried out volumetrically using 
EDTA (9) as the titrant. 
The Kd values, as summarized in Table 3.7 were 
obtained by the equation. 
Kd = •*• " ^  X - (mL/g) 
F A 
where I = initial amount of the metal ion in the 
solution phase. 
F = Final amount of the metal ion in the solution 
phase 
V = Volume of the solution (mL) 
A = Amount of the exchanger (g) 
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TABLE - 3.7 
Kd VALUES OF METAL IONS <^^ StZP IN DIFFERENT 
SOLVEMTS 
Metal ion 
Mg(II) 
Calll) 
Ba(II) 
Srtll) 
Cd(II) 
Hg(II) 
Pb(II) 
Mn (II) 
Znlll) 
DMW 
13.36 
70.20 
70.00 
30.00 
7 0.00 
29.99 
70.00 
70.03 
16.67 
O.OIM 
HCIO4 
13.36 
7.78 
3.30 
16.66 
30.00 
70.22 
70.00 
16.67 
0.07 
Kd Values 
O.IM 
HCIO4 
4.79 
7.78 
1.42 
10.00 
1.42 
10.00 
10.00 
6.00 
0.14 
O.OIM 
HNO3 
8.00 
16.68 
10.00 
16.66 
30.00 
29.99 
70.00 
10.00 
0.00 
O.lM 
HNO3 
4.79 
7.78 
1.42 
6.00 
3.33 
10.00 
16.66 
6.00 
0.00 
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RESULTS AND DISCUSSION 
In this study a new hybrid ion exchanger, styrene 
based zirconium phosphate, has been developed which 
possesses a better ion exchange capacity than the simple 
zirconium phosphate gel and other inorganic ion exchangers 
(10). It has also been found to be chemically stable as 
only a negligible amount of the material is dissolved in 
various solvents studied out of the 250 mg taken (Table 
2.6). However/ the material is not found to possess high 
thermal stability as it losses about 82% of its i.e.c on 
heating upto SOO^C. But the material shows a good 
reproducible behaviour. The elution behaviour of the 
material is dependent on the concentration of the eluant 
(Fig. 3.1), which is a common phenomenon of these 
exchangers. The minimum molar concentration of NaNO^ to 
elute almost completely the H -ions is found to be IM for a 
one gram column of the exchanger. The exchange appears to 
be quite fast as almost all the H ions are leached out of 
the column within the first 170 ml of the effluent (Fig. 
3.2). 
The pH titration curves obtained under equilibrium 
conditions for NaOH/NaCl, LiOH/LiCl and KOH/KCl systems 
(Fig. 3.3) show that the exchange takes place in a single 
step. Forward and revrse potentiometric titration curves 
obtained under non-equilibrium conditions (Fig. 3.4) are 
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different in shape from the ones obtained under 
equilibrium conditions IFig. 3.3). The reason may be that 
the full ion-exchanye capacity is not reached in a neutral 
medium. 
Composition studies indicate the molar ratio of 
3_ 
Zr(IV)/ styrene and PO4 in the material as 4:1:8 which 
tentatively suggests the following formula: 
Zr (03PCgH^ SO3H'*')j^  IHPO^) 2_xn.H20 
Thermogravimetric analysis curve (Fig. 3.8) of the 
material records a weight loss of 15% upto 280''C which may 
be due to the removal of the external water molecules (11). 
The slow weight loss between 280°C and 510*C may be due to 
the decomposition of the organic part of the material. An 
abrupt loss of weight between 510°C and 620°C may be 
ascribed to the condensation of HPO. to P^O^ groups (12) . 
At 620°C onwards the smooth horizontal curve represents the 
formation of the pyrophosphate phase (13). 
The n\amber of external water molecules (n) is 
calculated using the Alberti's equation: 
18n = X (M + 18 n) 
100 
Where X is the % weight loss and (M+18n) is the molecular 
weight of the material. It was found to be four. 
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The X-ray diffraction pattern of the material shows 
the presence of three reflections (d = 5.898, 2.710, 2.104) 
indicating the crystalline nature of the material. 
The IR studies (Fig. 3.5 (a)) confirm the presence 
of the external water molecules in addition to the 0-H 
groups and the metal oxide present in the material. The 
broad band at 3500 cm may be due to the presence of water 
of crystallization (14) while a peak at 1100 cm" 
3- 2-
represents the presence of PO4 and HPO4 groups (16). 
The peak at 1100 cm may also be ascribed to the 
presence of SO^H group in the styrene moieties (16) and the 
peaks between 720-57 0 cm may represent the C-S stretching 
frequency (17) . 
The distribution studies (Table 3.7) indicate a 
significant adsorption for most of the nine metal ions 
studied in different solvents. This behaviour is useful in 
the environmental studies. The work is in progress in this 
regard. 
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